UNCLASSIFIED 
AD  NUMBER 


ADC025992 

CLASSIEICATION  CHANGES 

TO: 

unclassified 

FROM: 

confidential 

LIMITATION  CHANGES 

TO: 

Approved  for  public  release^  distribution 
unlimited 


FROM: 

Controlling  DoD  Organization;  Naval 
Electronic  Systems  Command^  Washington^  DC 
20360. 


AUTHORITY 

ONR  Itr,  31  Jan  2006;  ONR  Itr,  31  Jan  2006 


THIS  PAGE  IS  UNCLASSIEIED 


CONFIDENTIAL 


Technical  Report  664 

ARRAY  SIMULATION  AT  THE 
BEARING  STAKE  SITES  (U) 

DF  Gordon 
April  1981 


DT!C 

^ELECTK^ 
% SEP  9 m2 1 


Final  Report:  September  1979-April  1961 

Prepared  for 
Naval  Electronic  Systems  Command 


ili*dbv:  3f>NAVINSTS5513.5-03 
on:  31  0«c«nbtf  1935 


SSCITUIX  INFORItAXIOli* 

•vJnautboriEed  Dlscloaurfl  Subject  to  Crltalmal 
Sfiiic  lions* 


NOSC  TR  664 


\ 

I 

CONFIDENTIAL 


AN  ACTIVITY  OF  THE  NAVAL  MATERIAL  COMMAND 


SL  GUILLE.CAPT.  USN 

Commtndar 


HL  BLOOD 

Technical  Diractor 


I 

t 


ADMINISTRATIVE  INFORMATION  (U) 


(U)  This  report  was  prepared  under  a subtask  of  the.FY  79  NOSC  Block  Program  in 
Emdronmental  Acoustic  Surveillance  Technology,  PE  62759,  XF-59-552,  sponsored  by  the 
Naval  Electronic  Systems  Command,  Code  320. 


Released  by  Under  authority  of 

MR  Akers,  Head  EB  Tunstall,  Head 

Systems  Concept  and  Surveillance  Systems  Department 

Analysis  Division 


ACKNOWLEDGEMENTS  (U) 


(U)  Dr  JA  Newbert,  J Ambros,  and  PW  Schey  made  the  array  analysis  program 
available  and  assisted  in  problems  of  input  format.  Dr  ER  Floyd  assisted  in  computational 
work  and  reviewed  the  report,  MA  Pedersen  gave  advice  and  guidance  during  the  work  and 
also  reviewed  the  report. 


CONFIDENTIAL 

security  classification  of  this  page  oniut  D<C  Enl»f«dJ 

//^}iEI!ORtBOCp«EHIAIlQM  PAGE 

*y  I 12.  GOVT  ACCESSION 

NOSC  Tecl^ical  Report  6^ (TR  664)  I 

TITLE  r«oxJ  Sut«*(e)- 

^RRAY  SIMULATION  AT THEBEARING  STAKE^SITES. (U)^' 


^ READ  INSTRUCTIONS 
fBEFORE  COMPLETING  FORM 
3.  RECIPIENT’S  CATALOG  NUMBER 


9 <5!^ 


Final/Rep«|0  ( 

Sepf  W79  - April  »81) 


RG.  RePOwr  NUMBER 


7.  AUTHORf*; 

DF  Gordon 


''/0D.  E /i  ' ^4  /, 


19-  PErPORklNG  ORC 


ATtON  WAME  AND-ABOWESS 


Naval  Ocpfin  Systems  Center 
San  Diego,  CA  92152 


S.  CONTRACT  OR  GRANT  NUMBERtt; 


/ 7 / 


10.  PROGRAM  ELEMENT,  PROJECT.  ^ ASK 
AREA  & WORK  UNIT  NUMBERS 

PE  62759 
XF-59-552 


11.  CONTROLLING  OPFICE  NAME  AND  ADDRESS 

Naval  Electronic  Systems  Command 
Washington,  DC  20360 

14.  MONITORING  AGENCY  NAME  ft  AODRESSrir  aiMwwif  ttom  Controlling  Olllct) 

'GjlE/56^ 

16.  DISTRIBUTION  STATEMENT  rof  (hi»  R»porO 


12.  REPORT  DATE 

April  1981 

13.  NUMBER  OF  PAGES 

41 

IS.  SECURITY  CLASS,  fo/  Ihit  nport) 


Confidential 

15*.  DECLASSI  FI  cation/ down  grading” 
schedule 

Review  on:  31  December  1995 


17.  DISTRIBUTION  STATEMENT  (ol  (hr  «b«(r«c(  anorsd  in  Block  20,  It  dllftttnl  from  Rtport) 


18.  supplementary  NOTES 


19.  KEY  WORDS  rCondnu*  on  nvtrt*  tidt  It  noeoctvjr  and  tdonttty  by  block  numbot) 

Acoustic  arrays  LATA 

Long  arrays  OAMS 

Bearing  Stake  Aaay  simulation 

Array  tilt 

20.  abstract  fConfinu*  on  rtv*^a«  U nac««««fr  and  by  block  numbor) 

(C)  Acoustic  pressures  were  computed  at  range-depth  points  to  simulate  narrowband,  low  frequency  data 
(gathered  by  two  long  towed  arrays),  LATA,  and  OAMS.  The  pressures  were  computed  with  a normal  mode 
program  using  environmental  conditions  that  were  observed  during  the  Bearing  Stake  exercises.  These  data  were 
processed  by  the  same  computer  program  used  to  process  recorded  data  from  the  exercise.  Comparisons 
between  the  computed  and  observed  data  indicate  that  a 1 .5  degree  tilt  in  LATA  resulted  in  about  0.5  dB  toss 
in  arra}’  signal  gain  A tilt  of  1 degree  in  OAMS  accounted  for  almost  none  of  the  observed  loss.  The  loss  in 
array  signal  gain  of  the  com,  uied  data  arises  when  multipath  interference  nulls  occur  at  the  array  location. 


WW  I JAN  73 


EDITION  OF  I NOV  «8  IS  OBSOLETE 
S/N  Ot02-LF.OU.66OI 

^ /V 


CONFIDENTIAL 

(ECURITY  CLAUIFICATION  OF  THIS  PAGE  fBlian  OMa  Bnb 


SeCumTY  classification  of  this  PAOC  (Whm  Dm*  En(M*<0 


20.  ABSTPj\C  r ^Continued) 


.This  effect  does  not  account  for  a major  part  of  the  obse.nfed  loss.  Serpentine  oscillations  which  can  be 
seen  in  plots  of  coherence  between  element  pairs  can  be  simulated  from  the  computed  data  by  adding 
a second  source  separated  from  the  first  by  a few  degrees  in  azimuth.  Some  simulations  of  small 
amplitude  array  deformation  showed  only  minor  effects. 
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OBJECTIVE  (D) 

(C)  Determine  the  coherence  and  array  signal  gain  for  Long  Acoustic 
Towed  Array  (LATA)  and  Ocean  Acoustic  Measurement  System  (OAMS)  in  a simulated 
sound  field  in  the  same  way  they  were  determined  for  observed  Bearing  Stake 
data.  Find  the  effect  of  array  tilt  on  eirray  perfomance.  Increase  the 
utility  of  the  Bearing  Stake  array  coherence  observations  by  isolating  the 
cause  of  observed  effects. 


RESULTS  (U) 

1.  (C)  A tilt  of  1.5  degrees  in  LATA  causes  an  average  of  about  0.5  dB  loss 
in  array  signal  gain  out  of  em  average  observed  loss  of  over  2 dB. 

2.  (C)  A tilt  of  1.0  degree  in  OAMS  causes  an  average  of  only  0.1  dB  loss 

in  cirray  signal  gain  out  of  an  average  observed  loss  of  2 dB. 

3.  (U)  Serpentine  oscillations  in  the  plots  of  coherence  between  array 

elements/  can  arise  from  a second  arrival  separated  from  the  first  by  a few 
degrees  in  azimuth.  An  echo  or  a noisy  ship  is  a possible  source  of  such  a 
second  arrival. 

4.  (U)  Sinusoidal  array  deformations  of  up  to  4 m amplitude  usually  cause 

less  than  0.2  dB  loss  in  array  signal  gain  at  25  Hz. 

5.  (U)  Loss  in  array  signal  gain  of  over  2 dB  is  demonstrated  at  ranges 

where  multipath  nulls  occur. 


APPLICATION  TO  NAVY  PROBLEMS  (0) 

1.  (U)  Performance  loss  due  to  array  tilt  for  several  cases  in  the  Bearing 
Stake  area  is  given  herein.  These  losses  can  give  guidance  for  extrapolating 
to  other  array  tilt  parameters. 

2.  (U)  Some  numerical  data  on  performance  loss  due  to  array  deformation  are 
given  herein. 

3.  (U)  Operators  and  analysts  are  alerted  to  look  for  second  sources  when 
serpentine  waves  are  observed  in  coherence  plots. 

4.  (U)  Array  tilt  is  eliminated  as  a major  cause  of  loss  in  array  signal 
gain  for  OAMS  at  the  Bearing  Stake  sites.  Other  explanations  must  be  sought, 
eg,  temporal  fluctuations,  array  element  failure,  or  2u:ray  deformation. 


RECOMMENDATIONS  (U) 

(U)  Use  beam  patterns  or  exercise  reconstructions  to  see  if  a source  for 
a second  signal  can  be  identified  in  Site  4,  Tow  4P1,  as  indicated  by  the  ser- 
pentine coherence  plots. 
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(n)  Simulate  arrays  in  three  dimensions  so  array  tilt,  array  projection 
in  range,  and  array  deformations  can  be  evaluated  in  a multipath  field.  De- 
termine the  multipath  limitation  on  coherence  distances  in  the  depth  and  range 
dimension.  Cotipare  these  results  fron  the  Bearing  Stake  area  with  those  from 
other  ocean  areas  to  determine  the  relative  effects  of  the  above  variables  in 
different  sound  propagation  regimes. 
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INTRODOCTIO'm  (D) 

(C)  D\iring  the  Bearing  Stake  exercise^  two  towed  arrays,  the  Ocean 
Acoustic  Measurement  System  and  the  Long  Acoustic  Towed  Array  (OAMS  and  LATA), 
were  operated  in  the  northwestern  Indian  Ocean  at  five  sites.  Data  from  each 
hydrophone  group,  for  both  arrays,  were  stored  on  magnetic  tape  while  a con- 
tinuous wave  source  was  being  towed  within  a detectable  range  of  the  array. 
Portions  of  tliis  data  have  been  processed  at  NOSC  to  determine  the  amount  of 
coherence  in  the  signal  along  the  array  and  the  loss  in  array  signal  gain. 

1-4 

These  results  have  been  published  by  Drs  JA  Neubert  and  AG  Fabula. 

(U)  A normal  mode  program  has  been  used  to  interpret  various  observed 

propagation  effects  at  the  Bearing  Stake  sites.^  This  program  can  be  used  to 
compute  sound  fields  which  can  be  processed  by  the  same  program  performing  the 
array  analysis.  This  simulation  can  determine  the  sources  of  some  of  the 
observed  correlation  or  decorrelation  along  the  array.  These  results  are 
reported  herein.  The  effect  of  array  tilt  in  a sound  field  made  inhomogenous 
by  multipath  effects  is  of  particular  interest.  Some  computations  of  the 
effects  of  array  deformation  are  also  reported  here.  The  effect  of  the  range 
projection  of  a long  array  in  a multipath  field  is  closely  related  to  array 

tilt.  Such  effects  have  been  modeled  in  previous  work^  but  have  not  been  done 
for  the  Bearing  Stakes  sites.  In  the  current  work  all  arrays  are  modeled 
broadside  to  the  source  so  the  range  projection  is  zero. 


1.  Naval  Ocean  Systems  Center  TR  383,  "Bearing  Stake  Coherence  and  Array 
Signal  Gain  Area  Assessment  Report  (U)"  by  JA  Neubert,  Confidential,  December 

1978 

2.  Naval  Ocean  Systems  Center  TN  380,  "Bearing  Stake  Coherence  Data  Analysis. 
OAMS  Array  (U)"  by  JA  Neubert,  Confidential,  6 February  1979* 

3.  Naval  Ocean  Systems  Center  TN  589,  "Bearing  Stake  Coherence  D.ita  Analy- 
sis; LATA  (U)“  by  AG  Fabula  and  JA  Neubert,  Confidential,  Deceml>er  1978* 

4.  JA  Neubert,  "Coherence  and  Its  Sound  Field  Structure  in  the  Northwestern 
Indian  Ocean  (U),*^  JOA(OSN)  30(3).  p 367-399,  Confidential,  1990 

5.  Naval  Ocean  Systems  Center  TR  467,  "Propagation  Loss  Assessment  of  the 
Bearing  Stake  Exercise  (U)*  by  HA  Pederson  and  GS  Yee,  Confidential,  September 

1979 

6.  OF  Gordon  and  ER  Floyd,  "Acoustic  Propagation  Effects  in  Beam  Forming  of 
Long  Arrays  (U),"  JOA(USN)  29(1),  p 1-16,  Confidential,  January  1979 

*NOSC  Technical  Notes  are  informal  publications  intended  priaaTily  for  use  in 
the  Center. 
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(U)  In  this  report  the  two  towed  arrays  and  the  experimental  setup  are 
described  first.  Next,  the  techniques  for  modeling  this  process  are  describ- 
ed. The  array  signal  gain  (ASG)  for  the  modeled  data  is  then  compared  to  that 
for  the  observed  data.  A study  of  some  ancmalous  serpentine  waves  in  the 
experimental  coherence  plots  is  then  reported. 


EXPERIMENTAL  CONFIGURATION  (U) 

(C)  A source  was  towed  at  r.''''qes  up  to  600  km  from  the  arrays  at  depths 
of  80-95  m.  A MK-6  projector  was  used  for  the  frequencies  from  20  to  25  Hz. 
Source  level  was  188  to  190  dB/  Pa.  Tow  tracks  can  be  found  in  references  1 
and  2.  The  cw  source  alternated  between  two  frequencies,  usually  22  and  25 
Hz.  The  duration  of  each  frequency  was  5 or  10  minutes.  A 4 minute  sample 
was  chosen  within  these  intervals.  In  this  report  only  frequencies  of  22  and 
25  Hz  are  modeled  — other  frequencies  are  reported  in  reference  2. 


THE  LATA  ARRAY  (U) 

(C)  The  LATA  array  is  1200  m long  with  64  hydrcpivcne  groups  or  elements 
evenly  spaced  at  19.05  m.  The  signal  arrivinq  from  each  group  was  digitized 
and  stored  on  magnetic  tape.  A fast  Fourier  transform  was  performed  on  each 
2048  samples  (4  seconds  of  data);  ‘■he  signal  was  selected  from  the  appropriate 
frequency  bin  to  be  used  in  the  array  analysis  program. 

(C)  The  array  was  generally  towe^l  at  300  m depth.  Four  depth  sensors  on 
the  array  gave  depth  .and  tilt.  With  the  exception  of  Site  IB  the  array  was 
estimated  not  to  have  over  a 1.5  decree  tilt.  Over  its  1200  m length  this 
corresponds  to  a spread  in  element  depths  of  30  m.  On  the  final  station.  Site 
2,  weights  wore  added  to  the  array  to  overcome  its  app.arent  buoyancy.  The 
depth  sensors  failed  on  this  run  and  the  actual  •■ilt  is  not  known.  Data  to  l>c 
discussed  later  suggest  that  the  tilt  was  significantly  reduced. 

THE  OAHS  ARRAY  (U) 

(C)  The  OAN8  array  is  '>25.4  n in  length.  It  has  32  hydrophone  groups  or 
elements  spaced  alK>Mt  the  »idp>int  with  density  equal  to  a cosine  function. 
Table  1 gives  the  depths  of  the  elements  assuming  an  array  tilt  of  1 degree 
with  the  deeper  end  at  200  m.  T1;e  element  spacing  can  inferred  from  this 
table.  The  tilt  of  the  OAMS  array  was  estimated  not  to  excee-d  1 degree. 

(D  CAMS  data  were  processed  by  .a  quadrature  method  giving  amplitude  and 
phase  of  each  sample  and  stored  on  magnetic  tap«'> . Tlieso  samples  were  used  in 
the  ar.ay  analysis  program.  The  data  from  either  array  were  thus  analyzed  by 
the  same  digital  computer  program.  A sample  was  taken  each  4 seconds  for  I.A"" 
and  each  1 second  for  0AM.5.  The  data  were  averaged  for  each  hydrophone  and 
coherence  wf»s  computed  for  e.ach  pair  of  hydrophones.  The  aver.age  data  for  4 
minutes  were  beamformed  for  each  0.5  degree  in  azimuth  and  the  direction  of 
maximvea  resjwonse  found.  The  ARC  was  calculated  at  this  steering  «nglc.  A 
variety  of  statistical  measures  for  the  coherence  of  phase,  amplitude,  and  the 
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combination  of  both  along  with  several  types  of  beamforming  are  given  in 
references  1-4.  Here  we  will  use  the  array  signal  gain,  the  average  signal 
amplitude  at  each  element,  and  the  coherence  versus  element  separation  to 
compare  to  modeled  results. 


ASItAy  PBH70RMANCE  SIMULATION  (D) 

(U)  Normal  mode  theory  gives  the  steady  state  acoustic  pressure  at  any 
point  in  range  and  depth  for  the  idealized  boundary  conditions.  The  pressure 
is  a complex  number  %»hich  gives  both  ^d)solute  value  and  phase  of  the  pressure 
relative  to  that  at  unit  distance  from  a unit  source.  Modeling  the  experi- 
mental results  is  then  just  a matter  of  computing  pressure  at  the  range  and 
receiver  depth  of  each  element  at  the  time  a sample  is  observed.  These  values 
are  then  processed  with  the  same  program  as  were  the  observed  data.  The 
output  should  reflect  the  parameters  included  in  the  model. 


AHRAT  TILT  (O) 

(C)  In  the  cxurrent  work  we  place  the  target  broadside  to  the  array.  It 
is  assumed  that  the  slant  range  to  different  elements  is  negligible.  The 
range  change  between  samples  represents  a given  range  rate  between  source  and 
array.  Receiver  depths  v^u^y  progressively  along  the  array  due  to  array  tilt. 
For  the  equally  spaced  eleaents  of  the  lATA  array  the  1.5  degree  tilt  gives 
0.476-m  depth  between  elements.  Table  1 gives  the  depths  for  the  unequally 
spaced  elements  of  the  GAMS  array  at  a tilt  of  1 degree. 
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Element  No 

Depth  (m) 

Element  No 

Depth  ( 

4 

1 

185.00 

17 

192.93 

2 

185.80 

18 

193.21 

3 

186.54 

19 

193.52 

4 

187.24 

20 

193.84 

5 

187.90 

21 

194.19 

6 

188.52 

22 

194.57 

7 

189.  10 

23 

194.99 

8 

189.63 

24 

195.45 

9 

190.  12 

25 

195.95 

10 

190.58 

26 

196.49 

11 

•'91.00 

27 

197.05 

12 

191.38 

28 

197.67 

13 

191.73 

29 

198.33 

14 

192.06 

30 

199.03 

15 

192.36 

31 

199.78 

16 

192.65 

32 

200.57 

(COHriDENTIAL) 

(C)  Table  1.  OAMS  element  deptJts  with  1 degree  tilt 
as  used  in  the  nodel • 
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C0NP0TIN6  THE  SOUND  PROPAGATION  (U) 

(U)  The  normal  mode  prograun  used  here  is  reported  in  reference  7.  The 
sound  speed  profiles  are  taken  from  the  representative  sound  speeds  of  refer- 
ence 8 which  were  observed  during  the  exercise.  Figure  1 shows  the  profile 


(UNCLASSIFIED) 

(U)  Figure  1.  Sound  speed  profile  for  Site  3 
(circles)  with  fitted  layers  in  water 
( lines ) and  sediment  ( broken  line ) . 


7.  Naval  Ocean  Systems  Center  TR  393,  "Underwater  Sound  Propagation-Loss 
Program,  Computation  by  Nomal  Modes  for  Layered  Oceans  and  Sediments"  by 
DF  Gordon,  Unclassified,  May  1979 

8.  NORDA  Report  18,  "Bearing  Stake  Exercise;  Sound  Speed  and  Other  Environ- 
mental Variability  (U)"  by  DF  Fenner  and  WJ  Cronin,  Jr,  Confidential, 
September  1978 
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for  Site  3 and  the  seven  layer  approximation  to  it  used  in  the  normal  mode 
program.  The  sediment  is  also  modeled  as  additi.tnal  fluid  layers  — the  first 
of  which  is  shown  in  figure  1»  Table  2 gives  the  sediment  properties  as  given 
in  reference  9.  Those  layers  marked  with  asterisks  are  used  in  the  model. 

SITE  3 

Depth  Sound  Speed  Attenuation  Density 

(m)  (m/s)  (dB/m  - kHz)  (gm/cm"^) 


Water  * 

O 

• 

o 

1516.5 

0 

1.04373 

Sediment  ♦ 

0 

1517 

0.0200 

1.56 

* 

100 

1635 

0.0098 

1.65 

200 

1737 

0.0162 

1.77 

* 

300 

1855 

0.0220 

1.90 

400 

1959 

0.0163 

2.02 

50  •' 

2058 

0.0103 

2. 10 

600 

2153 

0.0093 

2.  14 

700 

2245 

0.0085 

2. 17 

800 

2332 

0.0079 

2.21 

900 

2417 

0.0073 

2.24 

* 

1000 

2498 

0.0069 

2.27 

1500 

2863 

0.0062 

2.38 

2000 

3177 

0.0062 

2.47 

2500 

3467 

0.0062 

2.53 

3000 

3758 

0.0062 

2.58 

* 

3260 

3918 

0.0062 

2.60 

Substrate  * 

3260 

5400 

0.02 

2.72 

♦These  layers 

are  used  in  the  normal  mode  model 
(CONFIDENTIAL) 

• 

(C)  Table 

2.  Sediment 

parameters  for  Site 

3 as  given  by  reference  9. 

9.  ARL-TR~79- 

24,  '‘Analysis 

of  Acoustic  Bottcxn 

Interaction 

in  Bearing  Stake 

(U),"  SK  Mitchell  and  others 

1,  Confidential,  February  1979 
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The  sound  speeds  and  absorption  are  continuous  from  layer  to  layer  except  at 
the  top  and  bottom  of  the  sediment  vihere  they  are  purposely  made  discontin- 
uous* Densities  are  constant  in  each  layer  and  are  not  necessarily  continuous 
at  interfaces. 

(U)  To  save  computer  time  and  space  the  number  of  layers  is  kept  as 
small  as  possible  consistent  with  accxirate  modeling  of  the  profile.  Accurate 
modeling  of  the  first  100  m of  sediment  is  found  to  be  most  important  in 
obtaining  accurate  reflection  coefficients  at  low  grazing  angles.  This  is  the 
reason  for  the  particular  choice  of  layers  used  in  the  sediment. 


LATA  SQfDLATICN  RESULTS  (U) 

(C)  In  reference  j coherence  results  from  Site  4 are  given  in  consider- 
able detail.  Site  4 was  also  modeled  in  more  detail  than  other  sites  and  is  a 
good  introductory  case.  This  site,  in  the  Somali  Basin,  is  the  only  Bearing 
Stake  site  with  bottom  excess.  This  excess  is  slight  but  may  permit  some 
convergence  zone  effect  at  25  Hz>  it  certainly  would  at  higher  frequencies. 
Site  4 is  not  typical  of  the  other  sites. 

(U)  Figure  2 compares  the  ASG  for  observed  data  at  Site  4 to  the  com- 
puted data.  T'.ie  ASG  is  a negative  nuitber  — this  means  that  it  represents  a 
degradation  in  signal  gain  due  to  an  imperfect  sound  field  at  the  array  ele- 
ments. In  the  modeling,  the  4 second  samples  were  placed  10  m apart  — this 
represents  a range  rate  of  4.9  knots.  Tliis  rate  is  consistent  with  the  tow 
being  modeled.  Tow  4P1.  The  ASG  is  that  for  unweighted  beamforming.  For  the 
weighted  beamforming  the  ASG  is  similar  but  differs  in  detail. 

<C)  The  average  ASG  for  the  data  is  2.4  dB  and  for  the  computed  propa- 
gation 0.7  dB.  We  conclude  that  29  percent  of  the  decibel  loss  in  ASG  is  due 
to  array  tilt  and  different  multipath  structures  at  the  various  depths  of  rhe 
elements.  Other  sources  of  the  observed  loss  in  ASG  are  differing  multipath 
structures  at  different  ranges  for  sources  off  broadside,  array  defomation, 
noise  interference,  imperfect  array  elements,  and  spatial  and  temporal  fluctu- 
ations. Noise  interference  is  small  in  this  case  because  the  signal- to-noise 
ratio  is  over  20  dB.  This  report  will  shew  that  at  the  bottom  limited  sites 
the  ratio  of  simulated  to  observed  loss  is  less  than  the  29  percent . 

(U)  The  simulated  results  can  be  understood  from  a propagation  loss 
plot.  Figure  3 shows  contours  of  propagation  loss  in  an  area  60  m in  depth 
and  8 km  in  length.  The  rectangles  represent  individual  determinations  of 
ASG.  The  width  is  the  range  interval  traveled  during  the  4 minute  averaging 
time.  Tlie  height  is  the  depth  interval  over  which  the  elements  of  the  tilted 
array  are  distributed.  The  ASG  is  marked  in  each  rectangle.  Figure  3 sug- 
gests that  loss  in  ASG  results  when  nulls  or  high  loss  regions  occur  in  the 
rectangles.  Loss  also  occurs  when  elements  at  one  depth  experience  a differ- 
ent loss  structure  than  at  another  depth. 
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(U)  Figure  2.  Arr-y  signal  gain  at  ranges  where 
observed  data  (o)  ard  computed  data  (A)  were 
processed  for  Site  4,  25  Hz,  LATA.  Some 
observed  values  are  for  20  Hz. 


(U)  The  rectangle  entenuing  from  62.5  to  63.1  km  represents  the  array 
sample  with  greatest  loss  in  AS3.  Several  plots  developed  by  the  arvay  analy- 
sis program  are  sh'^wn  for  this  worst  case  in  figures  4—6.  Several  symbols  on 
thusa  plots  (0,  9,  and  AJ)  are  defined  in  reference  1—3  buc  are  not  used  in 
this  report.  Figure  4 shows  the  array  team  pattern  for  an  unweighted  array. 
The  maximum  signal  is  at  89.1  degrees  or  " .9  degree  off  the  true  bearing  of 
the  signal.  This  is  a distortion  due  to  the  irregularity  of  the  signal  and 
not  to  tipping  the  beam  due  to  array  tilt  This  tipping  could  amount  to  1,2 
degree  for  rays  arriving  at  20  degrees  frcm  the  horizontal.  However,  the 
tipping  is  of  opposite  sign  for  a’riv.ls  above  and  below  the  horizontal  and 
the  effects  tend  to  cancel  each  other. 

(C)  Figure  5 shows  the  average  propagation  loss  at  each  recei--er  depth 
as  averaged  across  the  60  range  steps.  The  horizontal  axis  title,  "Sensor 
Group  Separation,"  refers  to  posicion  along  che  array.  It  -s  equivalent  to  our 
simulated  receiver  depth  with  shallower  receivers  at  the  left.  The  variation 
along  the  array  can  readily  be  correlated  with  uhe  propagation  loss  contours 
of  figure  3.  This  smooth  curve  is  in  sharp  contrast  to  the  equivalent  curves 

12 


CONFIDENTIAL 


CONFIDENTIAL 


«U|  Hid 30  U3A1333U 


CONFIDENTIAL 


Figure  3.  Propagation  loss  contours  for  Site  4,  25  Hz.  Each  rectangle 
shows  the  area  covered  by  a single  4 minute  tilted  array  sample. 


CONFIDENTIAL 


(UNCLASSIFIED) 


(U)  Figure  4.  Beam  pattern  for  computed  sound  field  starting  at 
range  62.5  km,  Site  4.  Unweighted  beamforming  is  used  here. 


of  the  actual  data.  The  curves  shown  in  reference  2 and  3 and  in  figure  15 
(of  this  report)  have  a consistent  difference  between  hydrophone  groups  of 
from  5 to  10  dB  for  both  arrays.  This  does  not  include  some  obviously  bad 
groups  which  were  omitted  from  the  data. 

(U)  Figure  6a  is  a plot  of  coherence  between  receiver  elements  as  a 
function  of  receiver  separation  along  the  array.  Each  dot  represents  the 
coherence  between  some  pair  of  receivers  computed  over  the  4 minute  time 
(range)  interval.  This  coherence  plot  resembles  plots  developed  from  the 
observed  data  although  it  is  somewhat  more  regular.  See  reference  3,  pages 
88-‘M , and  figure  13.  This  was  a worst  case.  For  most  computed  samples  with 
ASG  closer  to  0 the  coherence  stays  close  to  1 for  all  element  separations. 

(U)  Figure  6b  shows  the  coherence  of  phase  only  between  the  elements  as 
defined  in  reference  3.  The  irregularities  in  this  figure  arise  because  phase 
can  be  nearly  discontinuous  near  null  points.  Because  of  this  behavior  we 
prefer  the  classical  coherence  which  treats  the  complete  complex  number  and 
not  phase  or  amplitude  separately.  All  three  types  are  available  in  the  array 
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SENSOR  GROUP  SEPARATION  (ft) 
AVERAGE  HYDROPHONE  AMPLITUDE 


(UNCLASSIFIED) 


Figure  5.  Average  sound  pressure  amplitude  over  the 
60  range  samples  (4  minute  average)  for  each  array 
element  for  the  computed  sound  field  starting  at 
range  62.5  km. 


analysis  program.  However,  the  classical  coherence  of  figure  6a  will  b-',  om 
ployed  in  this  report. 

(U)  Many  of  the  coherence  plots  for  the  observed  data  show  a definite 
serpentine  or  sine  wave  effect.  Further  on  we  discuss  attempts  at  modeling 
this  sine  wave  effect.  Arrival  of  a second  signal,  possibly  an  echo,  can 
cause  such  results . 

(U)  The  general  shape  of  the  collection  of  points  in  figure  6 can  be 
interpreted  frcm  the  loss  contours  of  figure  3.  The  plot  is  for  the  fourth 
rectangle  in  figure  3 which  contains  two  prominent  nulls.  The  points  with 
lowest  coherence  are  for  pairs  for  which  one  element  passes  near  one  of  the 
nulls.  The  recovery  in  coherence  at  larger  receiver  separations  is  due  to 
element  pairs  frcm  above  and  below  the  nulls  where  the  field  is  relatively 
unperturbed. 
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AVERAGING  TIME  (U) 

(U)  The  computed  samples  are  averaged  here  over  60  range  steps  which 
correspond  to  the  4 minute  averaging  time  of  the  observed  data.  The  effect  of 
this  range  interval  on  ASG  is  of  interest.  To  investigate  '■his  effect  we  ran 
three  cases  averaging  over  each  12  range  steps  and  compared  the  results  with 
the  total  range  interval.  This  is  equivalent  to  120  m rather  than  a 600  m 
range  change.  These  cases  are  compared  with  the  longer  averaging  length  in 
table  3.  The  first  two  sets  cover  range  intervals  where  the  sound  fields  are 
irregular  and  have  significant  losses  in  ASG.  The  third  set  Is  from  a smooth 
area  with  negligible  loss  in  ASG.  For  the  first  two  sets  the  ASG  for  the 
totid  interval  is  less  than  that  for  every  individual  subinteival.  For  tno 
third  set,  the  ASG  for  the  total  interval  equals  the  average  for  the  subinter- 
vals. It  is  apparent  from  this  that  in  an  area  where  the  sound  fj.eld  is 
irregular  and  contains  nulls,  the  correlation  distance  in  range  is  less  than 
600  m.  In  areas  where  the  sound  field  is  smooth,  600  m does  not  exceed  the 
correlation  distance. 


Range 

60 . 85  km 

66 . 0 km 

68.0  km 

Segment 

1 

-1.09  dB 

-0.85  dB 

-0.12  dB 

2 

-0.50 

-0.80 

-0.27 

3 

-1.04 

-1.32 

-0.41 

4 

-1.29 

-0.81 

-0.04 

5 

-0.31 

-0  .88 

-n  .01 

Average 

-0.85 

-0.93 

-0.17 

TOTAL 

-2.176 

-1.53 

-0. 17 

(UNCLASSIFIED) 

(U)  Table  3.  Array  signal  gain  (ASG)  for  120  m se^ents  of  a 600  m range 
interval  and  for  the  total  interval.  Samples  were  computed  at  three 
different  initial  ranges. 

(U)  A question  raised  in  the  previous  paragraph  is  how  far  apart  are 
irregularities  or  nulls.  This  depends  entirely  on  how  deep  a null  constitutes 
an  irregularity.  Without  trying  to  answer  the  question,  it  appears  that  nulls 
occur  about  every  800  m (figure  3).  This  indicates  that  600  m is  close  to  the 
maximum  interval  of  good  correlation. 

(0)  Fig\ire  7 shows  propagation  loss  at  a longer  range  for  Site  4 and  for 
Site  3 (Site  3 is  bottom  limited).  The  occurrence  <->f  nulls  is  similar  in  both 
cases.  It  is  difficult  to  decide  which  nulls  might  be  serious f one  can 
estimate  an  average  spacing  of  anywhere  from  0.5  to  2.5  )oa.  More  work  is 
required  to  determine  coherence  lengths. 
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SITE  2 (0) 

(C)  As  explained  earlier,  the  depth  sensors  at  Site  2 were  not  function- 
ing and  the  tilt  was  unknown.  However,  weights  had  been  added  which  were 
calculated  to  overcome  the  excess  buoyancy  £ind  cancel  the  tilt.  The  present 
technique  cannot  model  a flat  array  because  all  receivers  are  at  the  same 
depth  and,  therefore,  identical;  the  ASG  is  0 and  the  coherence  is  1.  The 
observed  data  of  reference  3 suggest  a conclusion  regarding  array  tilt.  The 
average  ASG  for  Site  2,  Tow  2PA3,  is  -1.66  dB.  This  average  comes  from  56 
samples  taken  on  a range  from  122  to  400  km.  For  Site  4 the  average  ASG  was 
-2.4  dB  and  for  Site  5 it  was  -2.0  dB.  The  array  tilt  at  Site  4 and  5 was  1.5 
degrees.  This  suggests  a loss  of  about  1/2  dB  in  ASG  due  to  array  tilt. 


SITE  5 (D) 

(C)  Figure  0 compares  the  observed  emd  modeled  ASG  for  LATA  at  Site  5. 
The  average  of  the  observed  ASG  is  2.0  dB  and  of  the  modeled  ASG  0.2  dB.  Only 

4 of  the  11  modeled  cases  have  a noticeable  loss  in  ASG.  Several  others  actu- 
ally have  a slightly  positive  ASG.  This  is  possible  because  the  ASG  here  is 
for  the  weighted  array.  Results  for  the  unweighted  array  are  slightly  differ- 
ent but  give  the  same  general  result. 

(C)  The  range  rate  for  Site  5 was  only  2.2  knots  because  the  source 
heading  was  nearly  perpendicular  to  the  direction  of  LATA.  A sample  for  Site 

5 covers  only  about  half  the  range  as  did  the  sample  for  Site  4.  The  section 
on  averaging  time  indicated  that  this  smaller  range  interval  could  account  for 
the  improvement  in  ASG  at  Site  5 of  0.4  and  0.5  dB  for  the  observed  and  simu- 
lated data,  respectively,  over  that  at  Site  4. 
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(U)  Figure  8>  Array  signal  gain  at  ranges  %^ere  observed 
data  (o)  and  coaputed  date  were  processed  for 
Site  S,  25  KSf  lATA.  Weighted  be an fora  in  g was  used. 

OAKS  SDIULATXON  HtSULTS  tU) 

(U)  An  array  tilt  of  1 degree  leads  to  the  elenent  depths  of  table  1. 

To  model  Site  3 we  used  a range  rate  of  4.17  n/s  or  8.1  knots.  We  first  tried 
computing  propkagation  loss  each  4.17  n in  range  for  240  samples  to  provide 
input  for  the  array  analysis  program.  Next,  we  reduced  the  input  to  60  sat»- 
ples  16.7  a ap>art.  Since  this  gave  essentially  identical  results  we  adopted 
it  as  our  standard  technique.  ITiis  is  equivalent  to  a sample  every  4 seconds 
— the  same  as  used  for  XATA. 
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(U)  Figure  9 shows  the  ASG  at  various  ranges  for  the  observed  and 
modeled  data  at  Site  3.  The  modeled  results  account  for  almost  none  of  the 
observed  loss  in  ASG. 


(CONFIDENTIAU 

(U)  Figure  9.  Array  signal  gain  at  rangea 
where  cAserved  data  <o)  and  computed 
data  (A)  were  processed  for  Site  3, 

25  Ms,  CAMS. 
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(C)  Figxire  10  shows  ASG  for  Site  5.  In  these  computations  the  same 
range  rate  as  in  Site  3 was  used.  This  rate  is  15  km/hr.  The  experimental 
range  rates  were  about  17  ki^hr  at  Site  3 and  14  ta^/hr  at  Site  5.  The  modeled 
results  account  for  a very  small  part  of  the  observed  loss  in  ASG»  This  very 
snail  loss  is  apparently  due  to  the  vertical  projection  of  the  array  being 
only  half  of  that  for  LATA.  The  concentration  of  elements  near  the  center  of 
the  array  also,  in  effect,  shortens  it. 

(C)  To  isolate  some  of  the  differences  in  our  computed  results  for  LATA 
and  OAKS  we  repeated  the  Site  4 computations  presented  in  figure  2 and  changed 
only  the  receiver  depths  from  those  of  LATA  to  CAMS.  Instead  of  evenly  spaced 
depths  from  270  to  300  m we  used  the  OAMS  spacing  as  in  table  1 from  285  to 
300  m depth.  We  modeled  the  two  arrays  in  exactly  the  same  configuration 
except  for  the  array  tilt  which  is  1.5  degrees  for  LATA  and  1.0  degree  for 
OAMS. 


(CONFIDENTIAL) 

(U)  Figure  10.  Array  signal  gain  at  ranges 
where  observed  (o)  and  computed  (A) 
data  were  processed  for  Site  5,  22  Hz, 

OAMS. 

t'U)  The  results  show  that,  at  every  range  computed,  OAMS  suffered  less 
loss  in  ASG  than  in  LATA.  The  average  ASG  was  -0.21  dB  for  OAMS  and  -0.70  dB 
for  LATA.  This  is  only  30  percent  as  much  ASG  loss  for  OAMS  as  for  lATA.  The 
difference  of  0.5  dB  is  probably  not  detectable  in  the  observed  results  be- 
cause it  is  a snail  part  of  the  total  and  parameters  such  as  range  rate  and 
array  depth  vary. 
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(U)  As  a final  comparison  between  OAMS  and  LATA  we  can  count  the  number 
of  times  the  ASG  is  less  than  -0.3  dB.  This  number  roughly  indicates  those 
times  when  a null  occurs  in  the  field  sampled  by  the  array.  Using  the  ASG 
plots  of  figures  2,  8,  9,  and  10  and  the  OAMS  Site  4 computations  just  dis- 
cussed, we  find  in  13  cases  out  of  27  that  LATA  was  less  than  -0.3  dB.  For 
OAMS,  only  3 in  35  were  less  than  -0.3  dB.  This  indicates  that  the  weighted 
spacing  of  OAMS  makes  it  effectively  much  shorter  than  its  true  length. 


COHERENCE  DIAGRAM  OSCILLATIONS  (U) 

(U)  Reference  3 (pages  88-91)  shows  coherence  diagrams  for  Site  4.  Many 
of  these  diagrams  have  well  defined  serpentine  oscillations  across  them.  The 
plots  were  selected  for  their  special  interest.  It  is  not  stated  how  common 
the  oscillations  are,  although  one  clear  example  from  Site  2 is  shown.  Over  a 
3-hour  period  these  sine  wave-like  oscillations  appear  to  progress  from  about 
1/2  to  3 cycles.  That  is,  the  period  of  the  sine  wave  shortens  and  more 
cycles  occur  across  the  maximum  element  separation  which  is  the  length  of  the 
array. 

(U)  Figure  11  shows  the  above  change  in  phase.  The  total  phase  across 
the  coherence  plots  was  judged  by  measuring  the  distance  to  each  maximum  or 
minimum  of  the  sine  wave.  The  extreme  values  of  the  phase  when  they  were 
different  are  shown  in  the  figure.  A line  connects  those  cases  having  the 
most  distinct  wave  patterns.  The  three  sets  of  open  circles  are  curves  where 
the  tO  Hz  (rather  than  the  25  Hz)  signal  was  selected  from  the  transmitted 
sequence  of  the  two  frequencies.  If  this  pher>omenon  is  interpreted  as  an 
arrival  angle  difference,  as  will  be  suggested  later,  then  the  three  20  Hz 
values  can  be  lowered  by  20  percent.  If  these  values  are  lowered  then  a 
reasonably  consistent  line  of  increasing  phase  is  seen  up  until  1300  hours. 

(U)  However,  if  one  disregards  the  one  high  point  at  1300  hours  an 
argument  could  be  made  for  a near  constant  line  around  We  will  assume  the 

increasing  slope  of  figure  11  in  the  following. 

(U)  A maneiiver  by  the  towing  ship  may  have  affected  the  array  around 
1300  hours.  Figure  12  shows  the  target  bearing  obtained  from  the  array  analy- 
sis (ref  3)  versus  time  of  day.  It  appears  that  the  array  was  probably  turned 
through  end  fire  ia  relation  to  the  target  between  1200  and  1300  hours. 

(U)  Figure  13  is  one  of  the  coherence  plots  from  reference  3.  The  sine 
wave  effect  on  it  is  rather  confusing  and  it  gives  the  double  set  of  bars  on 
figure  11  at  1111  hours.  For  completeness,  figures  14  and  15  also  show  the 
array  beamformer  output  and  the  average  s’ gnal  level  at  each  element  for  the 
same  data  set . 

(U)  We  first  tried  to  model  the  effects  discussed  above  by  placing  a 
sine  wave  deformation  on  the  array.  This  did  not  work  “ it  will  be  discussed 
later.  Adding  a second  signal  did  work  and  this  will  be  described  next. 
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ADDING  A SECOND  SIGNAL  (U) 

(C)  We  first  added  a second  signal  to  a computed  sound  field.  A smooth 
case.  Site  5 at  700  km,  was  selected.  The  second  sound  field  was  10  dB  less 
in  magnitude  at  each  field  point  than  the  first  and  had  j.  phase  equal  to  the 
first  plus  an  increment.  The  Increment  increased  linearly  from  element  to 
element.  The  increase  amounted  to  1.5  cycles  or  37T  across  the  array.  The 
result  of  this  combined  signal  in  the  array  analysis  program  is  shown  in 
figures  16  to  18.  Figure  16  shows  the  array  response  to  this  signal  as  a 
function  of  steering  angle.  The  second  signal  is  seen  4.5  degrees  from  the 
main  arrival.  The  array  (LATA)  is  19.9  wavelengths  long  in  this  water  so  the 
1.5  cycles  represent  a steering  of  4.3  degrees  from  broadside. 

(U)  Figure  17  shows  the  average  signal  amplitude  at  each  array  element. 
The  effect  of  interference  between  the  two  signals  is  clearly  seen.  Plots  of 
this  type  for  the  observed  data,  though  irregular,  do  not  show  wave  patterns 
of  this  amplitude  (fig  17).  Figure  18  shows  the  coherence  plot  and  there  is 
no  sine  wave  on  it.  It  is  obvious  that  this  method  did  not  explain  the  sine 
wave  effect. 

(U)  Realizing  that  adding  fixed  multiples  of  two  signals  to  themselves 
should  not  change  the  coherence  between  them,  we  stopped  the  added  signal  half 
way  through  the  60  sample  set.  This  did  create  the  sine  wave  shown  in  figure 
19.  The  plot  of  average  amplitude  along  the  array  is  not  shown  but  it  is 
predictably  similar  to  figure  17  but  with  an  oscillation  of  only  one  half  the 
amplitude. 

(U)  This  successful  modeling  of  a sine  wave  in  the  coherence  plot  shows 
that  the  period  of  oscillation  is  a predictable  function  of  the  angle  between 
the  two  signals  and  that  a source  of  incoherence  is  required  between  the 
signals.  Here,  the  intermittent  nature  of  one  signal  provided  the  incoher- 
ence. In  the  observed  data  it  is  likely  that  two  independent  propagation 
paths  could  supply  the  incoherence . 

(U)  To  further  investigate  the  incoherence  in  the  model,  we  added  a 
second  path  that  was  a perfect  plane  wave  rather  than  a replica  of  the  com- 
puted signal.  The  plane  wave  was  at  a level  of  110  dB,  14  dB  below  the  aver- 
age amplitude  at  all  elements  for  the  computed  signal.  It  was  again  steered 
to  gain  37r  in  phase  across  the  array  with  the  resulting  phase  coherence  plot 
shown  in  figure  20.  The  sine  wave  effect  is  clearly  seen.  Runs  with  phase 
gain  other  than  37T  showed  that  the  period  of  the  sine  wave  was  clearly 
predictable  and  had  the  same  total  phase  as  the  steering. 

(U)  A final  question  addressed  was  the  effect  of  a null  or  irregularity 
in  the  computed  sound  field.  We  selected  Site  5 at  660  km  to  be  augmented  by 
the  same  plane  wave  as  above.  The  average  amplitude  plot  for  this  case  is 
shown  in  figure  21 j figure  22  shows  the  same  data  plus  the  plane  wave.  A null 
at  one  end  of  the  array  brings  the  average  amplitude  there  to  within  1 dB  of 
that  of  the  added  plane  wave.  Figure  23  shows  the  coherence  plot  for  this 
case.  Here  we  see  a sine  wave  with  some  element  pairs  sho^J^n  a large  ampli- 
tude. The  large  amplitude  oscillation  probably  results  when  one  of  the  pairs 
is  from  the  end  of  the  array  where  the  signal  is  small  and  the  same  size  as 
the  added  plane  wave. 
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SENSOR  GROUP  SEPARATION  (ft) 

CLASSICAL  ARRAY  COHERENCE  MATRIX 

(UNCLASSIFIED) 

(U)  Figure  18.  Coherence  between  array  element  pairs  as  a function 
of  pair  separation  for  the  same  data  as  shown  in  figure  16. 


SENSOR  GROUP  separation  HiI 
(UNCLASSIFIED) 

(U)  Fiqure  19.  Coherence  betwf'en  array  element  pairs  as  a function 
of  pair  separation  for  the  same  data  as  shown  in  figure  18  exr**pt 
that  the  second  signal  is  added  to  the  first  30  ramge  samples  but 
not  the  last  30. 
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SENSOR  GROUP  SEPARATION  (ft) 

CLASSICAL  ARRAY  COHERENCE  MATRIX 

(UNCLASSIFIED) 

(U)  Figure  20.  Coherence  between  element  pairs  for  the  computed  sound  field 
for  Site  5,  25  Hz,  700  km  range.  A second  signal  which  is  a plane  wave 
of  110  dB  propagation  loss  arrives  at  an  angle  which  results  in  a 3 
phase  advance  across  the  array. 


SENSOR  GROUP  separation  »i) 
average  myorophone  amplitude 

{UNCLASSIFIED) 


(U)  Figure  21.  Average  sound  pressure  amplitude  at  each  array  element  for 
a computed  scjnd  field  for  Site  5,  25  Hz,  range  660  ko.  Thia  range  wab 
selected  because  of  its  irregular  field. 
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(U)  Figure  22.  Average  sound  pressure  amplitude  at  each  array  element 
for  the  computed  sound  field  for  Site  5,  25  Hz,  660  km  ronqe  plus 
a second  plane  wave  arrival  as  shown  in  figure  20. 

(U)  These  results  show  that  the  presence  of  a second  signal  is  a plausi- 
ble explanation  for  the  sine  waves  in  the  coherence  plots.  We  can,  therefore, 
return  to  figure  It  and  add  on  angular  arrival  difference  scale.  To  do  st>  we 
note  from  figure  12  that  during  the  time  interval  from  tOOO  to  1300,  the 
bearing  to  the  target  (from  end  fire)  increased  from  102  to  140  degrees.  With 
this  increase  and  assuming  that  the  steering  phase  gain  is  equivalent  to  the 
total  sine  wave  phase  in  the  coherence  plot,  the  angular  se;  aratiac  scale  on 
the  right  hand  side  of  figure  11  can  be  determined.  This  tells  us  that  the 
separation  between  the  two  signals  Increased  from  l to  4 degrees  from  IQOO  to 
1300  hours.  If  the  second  signal  were  an  echo  off  a seamount  or  a noisy  ship, 
rt.en  the  ainimw  distance  between  it  and  the  source  would  increase  from  1.2  to 
3.5  km  wer  this  time  interval. 


(U)  Returning  to  figure  14  (from  the  data  at  1111  hours)  we  see  a second 
arrival  1 dB  below  the  main  arrival  and  separated  from  it  by  6.4  degrees. 

This  does  not  agree  with  oux  prediction  of  a 2 degree  separation  but  it  doe,s 
support  the  idea  of  a second  arrival.  The  second  arrival  peak  In  the  figure 
is  %s;doubtedly  affected  by  the  first  sldelobe  of  the  main  arrival. 
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(C)  An  alternative  explanation  of  the  sine  wave  ef<"ect  is  two  incoiierent 
at  rivals  fron  the  same  direction  but  of  different  frequencies.  T!ie  arrivals 
must  Vie  from  off  broadside  to  be  separated  bv  the  beamformer.  We  can  compute 
♦■he  frequency  difference  required  to  produce  the  total  phase  of  figure  11. 
FUUween  1030  and  1300  the  target  bearing  increased  from  10  to  3S  degrees  off 
broadside  while  the  total  phase  from  the  plot  increased  from  1.5  to  47r.  From 

♦ his  we  find  a frequency  difference  of  4.4  to  5.2  Hz.  Tlte  two  transmitted 
frequencies  of  20  and  25  Hz  could  he  a source  of  the  differences.  However,  it 
is  unlikely  that  the  experimental  and  sampling  techniques  would  mix  the  two. 

ARRAY  DEFORMATION  (U) 

(U)  Array  deformation  was  modeled  in  an  attempt  to  explain  the  oscilla- 
tions in  the  coherence  plots  (ref  3).  We  modeled  vertical  and  horizontal  sine 
wave  displacements  of  the  array  elements  of  amplitudes  up  to  1 and  4 m.  No 
evidence  of  sine  waves  in  the  coherence  plots  was  found.  This  is  the  princi- 
pal result.  A second  result  is  the  decrease  in  ASG  caused  by  these  deforma- 
tions. We  will  outline  the  modeling  method  and  report  the  AGG  losses  in  the 
t-oxt  to  follow. 

(C)  To  model  displacement  we  assumed  that  a sine  wave  of  given  total 
phase  existed  along  the  array  at  the  beginning  of  the  4 minute  sample.  We 
then  assumed  that  this  sine  wave  moved  along  the  array  at  the  tow  speed  of  3 
knots  or  1.54  m/s.  Thus,  a point  on  the  sine  wave  traveled  down  the  array 
almost  one  third  of  its  length  during  the  4 minute  sampling.  The  computed 
wnind  field  consists  of  pressures  at  a matrix  of  60  ranae  points  anvl  64  depth 
txiints.  A horizontal  displacement  is  modeled  by  interpol  at ir.g  between  range 
piiints  and  a vertical  displacement  is  modeled  by  interpolating  between  dep^  h 
rxiinrs.  Both  phase  and  amplitude  of  pressure  are  interpolated.  With  acoustic 
wavelengths  of  60  m and  displacements  no  greater  than  4 m,  linear  i riterpol e- 

• * on  is  permissible.  The  input  to  the  array  analysis  proqram  is,  thus,  a se^ 
of  pressures  at  60  consecutive  ranges  which  have  been  altered  sli^^htly  in 
amplitude  and  phase  to  represent  a sine  wave  progressing  along  the  array. 

(U)  Tivo  different  Initial  sound  fields  were  used  — a smooth  case,  cir,>  t; 
at  700  km  and  an  irregular  case,  site  5 at  660  km.  Table  4 shows  the  ASF. 
repiiltinq  frorri  these  two  cases.  loss  in  ASG  can  be  determined  by  compari'^'Mi 
to  the  zero  amplitude  entries.  Tlie  table  shows  that,  with  one  exception, 
deforming  the  array  decreases  the  ASG.  The  exception  to  this  is  that  the  last 
eni-ry  for  the  weighted  array  Increased  from  -0.500  to  -0.112  dH.  We  suspec-*" 
that  the  deformation  by  chance  canceled  an  irregularity  in  the  field.  Al- 
thoiigh  all  ether  cases  decrease,  the  decrease  Is  small  and  never  creater  than 
0.5  HR.  There  is  little  difference  in  the  decrease  for  the  700  and  6G0  km 
'■•ases.  These  results  support  the  obvious  conclvision  that  def  ii  mat  ion  of  th'^ 
array  will  decrease  the  A.SG.  The  amount  of  deformation  tuodelel  here  han  a 
minimal  adverse  effect  on  the  A.SG. 

(U)  For  completeness,  the  ASG  for  the  two  arrival  cases  discussed  at  the 
beginning  of  this  section  is  given  in  table  5.  The  first  entry  for  each  range 
is  again  tuc  unperturbed  case  for  comfiarison.  In  tire  first  of  these  a .second 
arrival  of  10  dB  down  was  added,  the  phase  was  not  altered,  and  tlie  idetit  ical 
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ASG,  to  the  unaltered  case  was  obtained  as  a check.  In  all  other  cases  the 
adding  of  a second  wave  decreased  the  ASG.  The  decreases  range  from  0.12  to 
0.38  dB  with  one  large  decrease  of  1.49  dB.  As  was  the  case  in  table  4,  the 
ASG  changes  are  highly  variable.  There  is  a question  here  as  to  vrtiether  the 
effect  of  a second  signal  should  be  interpreted  as  a loss  in  signal  gain  or  in 
noise  gain.  Since  noise  gain  is  not  addressed  in  this  report,  we  have  called 
it  signal  gain  in  order  to  compare  it  to  other  cases. 


Range 

(km) 

Sine 

Amplitude 

(m) 

Wave 

Total  Phase 
( radians) 

Vertical  or 
Horizontal 

Weighted 

ASG 

Unweighted 

(dB) 

700 

0 

- 

- 

+0.080 

-0.008 

70C 

1.0 

1 .Off 

h 

+0.076 

-0.010 

700 

1.0 

2.57T 

h 

+0.065 

-0.031 

700 

4.0 

2.5ff 

h 

-0.155 

-0.352 

700 

1.0 

2. Sit 

V 

+0.065 

-0.060 

660 

0 

- 

- 

-0.500 

-0.605 

660 

4.0 

2.57f 

h 

-0.623 

-0.784 

660 

1.0 

2.5ir 

V 

-0.112 

-0.737 

(ONCLASSIFXEt' 

(U)  Table 

4.  ASG  for 

sine  wave  defonnation 

of  the  array. 
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Range 

Added  Wave 

ASG 

(km) 

Amplitude 

(m) 

Phase 
( radians) 

Description 

Weighted 

Unweigl 

(dB) 

700 

10  dB  dovm 

0 

Replica 

+0  r 080 

-0.008 

700 

10  dB  down 

2t 

Replica 

-1.405 

-0.290 

700 

10  dB  down 

3ir 

Replica 

-0.303 

-0.391 

700 

10  dB  down 

37T 

Intermittent 

-0.142 

-0.237 

700 

-110  dB  total 

3ir 

Plane  wave 

-C .098 

-0.132 

660 

0 

none 

-0.500 

-0.605 

660 

-no  dB  total 

37T 

Plane  wave 

-0 . 679 

-0.812 

(UNCLASSIFIED) 

(U)  Table  5.  ASG  for  added  second  arrival. 
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COKCLUSIONS  (U) 

(U)  A deterministic  sound  field  computed  from  idealized  boundary  condi- 
tions has  been  used  in  the  place  of  real  data  in  Dr  JA  Neubert's  array  analy- 
sis program.  The  following  were  developed  from  the  analysis: 

1.  (U)  The  computed  field  modeled  two  parameters  of  the  observed  field  — 
multipath  propagation  and  differing  element  depths  arising  from  array  tilt. 
This  model  accounted  for  between  10  and  25  percent  of  the  loss  in  ASG  for 
LATA,  but  almost  none  for  OAMS  which  had  aljout  one  half  the  vertical  projec- 
tion of  LATA.  The  remaining  loss  in  ASG  may  arise  from  the  horizontal  pro- 
jection of  the  array  in  the  multipath  field,  noise  interference,  array 
deformation,  malfunction  of  array  elements,  and  fluctuations. 

2.  (U)  Plots  of  average  amplitude  and  of  coherence  between  array  elements 
differed  for  the  modeled  and  observed  data  in  that  those  for  the  modeled  data 
had  a high  degree  of  regularity  which  was  lacking  in  the  observed  data. 
However,  similar  overall  shape  was  observed  for  both. 

3.  (U)  Modeling  showed  that  array  deformations  of  up  to  4 m gave  losses  in 
ASG  but  the  losses  were  not  great  enough  to  explain  the  difference  between 
observed  and  modeled  ASG. 

4.  (U)  The  particular  Bearing  Stake  sites  had  no  large  or  apparent 
differences  in  their  effects  on  the  modeled  ASG  and  coherence.  More  repeti- 
tions with  more  nearly  identical  parameters  would  have  to  be  computed  to 
obtain  statistically  significant  comparisons. 

5.  (U)  Losses  in  ASG  can  be  correlated  with  the  presence  of  nulls  in  the 
computed  sound  field.  Significant  losses  were  encountered  in  50  percent  of 
the  sample  sets  for  LATA  but  in  less  than  10  percent  for  OAMS. 

6.  (U)  Serpentine  oscillations  in  the  element  pair  coherence  plots  can  be 
modeled  by  adding  a second  source  at  a small  bearing  separation  from  the 
first.  The  second  must  not  be  fully  coherent  with  the  first.  This  was 
modeled  by  making  the  second  source  intermittent  and  by  making  it  an  ideal 
plane  wave.  In  the  observed  data  an  echo  from  an  object  or  a noise  source 
near  the  signal  source  could  provide  these  requirements. 
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